INTRODUCTION
.In India by 2020, it is estimated to have 17.25 lakh of new cases of cancer patients and around 8 lakh of cancer deaths.
And the cancers in the breast, lung and cervix will top the list. In 2016, Indian Council of Medical Research figures out that, there were around 14.5 lakhs of cancer cases in India. The figures reveal only 12.5 percent of patients do not go for treatment, because of treatment fear and the cost of treatment. In 2016 it was reported that, there were 1.14 lakh of new cases of lung cancer in the country.
[4]Studies reveal tht, the cause for most of the diseases in India are because of Tobacco related consumable products by men, which are the main reason of lung cancer. In India the cancer disease is increasing continuously because of less availability of cancer treatment and also, because of higher costs for the surgery, for removing the cancer tumor from the human body.
[5]Less availability of treatment, inadequate, incorrect, higher cost of cancer treatment and the delayed diagnoses are the main reasons, for the less survival rate in the country. [6, 7] . The growth of unwanted cancer cells are because of number of factors like Genetic influence, Ultraviolet radiations, Carcinogenic chemicals, overexposure to estrogen, Ionizing radiation, some diets and alcohol. And the main reason for the lung cancer is smoking and use of Tobacco related eating material. [8] . It has been noticed that, cancer is the leading cause, for most of the deaths worldwide. So many strategies have been discovered to fight cancer disease, but because of higher cost of cancer treatment and painful surgeries perforrmed to remove cancer tumour, many patients are fearing for the treatment or, are unable to afford the treatment cost. But the treatment of cancer by Hyperthermia, is a better approach to diagnose the disease. It is also called thermal therapy. Hyperthermia, when combined with engineering, creates a new hope for the cancer patients. These treatments are adequate, less expensive and patients undergo less pain during the treatment. It comes out as promising treatment, among the other alternative methods.
Hyperthermia Treatment
Hyperthermia is a type of cancer treatment, which uses heat to destroy the unwanted cells. In this treatment the body tissues are exposed to higher temperature range, 42-50°C. This temperature can destroy the cancerous cells, without damaging the healthy tissues.
[9]. By killing the unwanted cancerous cells and structures of protein within the cell, hyperthermia may result in necrosis of tumor. [10] . Due to the fact that, the cancerous cells are destroyed at an elevated temperature, so this treatment doesn't require any surgery.
Radiofrequency Ablation Treatment
From literary reviews, it is clear that, the thermal ablation therapies are much safer and best treatment for ablation of tumor. Different therapies have their benefits for tumors, at the respective organs. The aim of therapies are, to free the patient from disease with reasonable quality life. Radiofrequency and microwave ablation are the most widely used hyperthermia therapies for the treatment of lung and breast tumor, at present. [13] [14] [15] [16] . The present study was on radiofrequency ablation. The term ablation means, the destruction and radiofrequency ablation (RFA) means, the heating of the tissue to cytotoxic temperature level, using radiofrequency. RFA is till date, the most studied technique. These days, this technique is widely used by clinical practitioners. Earlier studies reveal that, the RFA is not only an effective treatment for liver, but this treatment also gained interest in various other cancerous tumors such as lung, kidney, breast and prostate. [17] [18] [19] [20] . RFA is a faster technique than other alternative tumor treatment techniques. This technique is not complicated and the cost for the treatment s less than, other cancer treatment techniques.
In the radiofrequency ablation technique, a trocar with electrode at its tip is inserted into the lung's tumor with the help of, computer tomography image guidance technique. A high frequency AC (alternating current) ranging 450-550 kHz is placed inside the tumor, the current is passed through the electrode to the ground pad, which is placed at the back or on the thigh of the patient, for making a closed circuit and it induces frictional heat in the tissue.
[21]. The radiofrequency current is able to pass through the human body, even the human body is not a perfect conductor because of abundance of ionic fluids present in it. After the completion of the electric circuit the current starts flowing through the whole body and frictional heat is induced in the tissues, due to the agitation of free ions present in human body like, K+, Na+, Cl-etc. Due to the frictional heat generation induced around the electrodes, the tumor tissue starts ablating.
RFA is a faster technique, because within few minutes the temperature reaches 50 0 C and within next few seconds, it reaches 60 0 to 70 0 C. [22] . The temperature passed through, should be below 110 0 C to avoid vaporization and tissue carbonization, which would result in decreased electrical conductivity in the remaining tumor tissues.
[23].The often used electrode, in radiofrequency ablation are made of stainless steel, Ni-Ti Alloys or platinum. Some part of the electrodes remain insulated, to avoid the damage of healthy tissue. Only that part of electrode, which is inserted into the tumor tissue for destruction, would remain uninsulated. Large ground pads should be used to avoid damaging the skin in contact. [24] . During RFA, the electromagnetic power delivered to the tissue can be controlled by different modes and these modes are namely temperature controlled mode, impedance controlled mode and power controlled mode. This study demonstrates the effects of temperature controlled mode.
The present work considered 3 dimensional lung models, to investigate the effect of temperature controlled RFA with a single electrode trocar. The objective of this study is, to investigate the effect of variable voltage, temperature distribution and voltage requirement for radiofrequency ablation in human lung tumor by simulation model, in order to find the effect of this technology in realistic clinical treatment. 
METHODS AND MATERIALS

Formation of Problem
2d images (.dicom) have been taken from a patient, having cancerous tumor in his right lung, sized 13.21 mm diameter, as shown in Figure 1 . As we studied in literature that, tumours having size less than 3cm can be ablated by radiofrequency ablation technique, so this case was appropriate for our study. A three dimensional lung model and a tumor inside it have been modelled by computer tomography, using (CT) scan data files (.dicom) of the lung cancer patient. The generated lung and tumour have been imported to COMSOL 5.2 multiphysics, for further simulation work
By using different tools of COMSOL, the lung and tumor were scaled to appropriate size and have been properly given stainless steel properties, having good electrical conductivity and the remaining insulated portions of the trocar were
given Teflon material properties. [25, 26] . The trocar was modelled from the data available from the literature.
[27]. In this study, since the size of the tumor is small (13.21 mm), we considered using a single probe monopolar electrode, instead of using multi-probe trocar. 
Mathematical Modeling in Comsol
For solving the electro-magnetic problems, quasi-statics estimation has been used because, in this range of frequency (450-550 kHz), wavelength of electromagnetic field is in multiple orders of magnitude, which is higher than the electrode active size. The generalized Laplace equation can be used, for computing the electrical field distribution within the tumour tissue, due to the applied voltage on the radiofrequency electrode. And this can be written as:
(1) Here V is electrical field potential and the σ is electrical conductivity.
Furthermore, the current density (J) and the electrical field intensity (E) generation in the tissue can computed from these equations:
(2) The tissue heating is because of local power density that is the product of electrical field intensity (E) and the current density (J) and could be written as:
J.E = σ.E² been solved by, the Pennies equation.
(4) Where c, ρ and k denote heat, density and thermal conductivity respectively, in the lung tissue. , and are specific heat, density and the perfusion rate respectively, of the blood, and the is the heat generation due to the metabolic activity. Initially, this was assumed as negligible. E is the electrical field intensity, is the core blood temperature (presume C) and J is the current density.
And finally T is the Unknown body tissue temperature.
Temperature dependent electrical conductivity has been calculated from:
Here is C, is the constant electrical conductivity, at the core body temperature and in this study the temperature coefficient was assumed to be 1.5% per 0C, for tumour and the lung tissue.
[ [28] [29] . Thermal, Thermo-physical and electrical properties, of the lung and the tumour have been presented in the Table   1 . The tissue properties have been considered at 460 kHz. For frequency below 1MHz, the dielectric losses are negligible.
[30] And these are being caused by, the rotation of atoms and molecules in the electric field. 
INITIAL AND BOUNDARY CONDITIONS
Before the onset of Radiofrequency energy, the initial voltage of the whole domain has been considered to be zero. This trail runs for meshing, has been done to get grid independent solution. All simulations has been carried out on Hp, Intel(R), Core(TM) i5-6200U CPU @ 2.30GHz, 2 cores and 8GB RAM. As discussed earlier, the higher temperature of the tissue should be kept below or around 100 0 C, so as to avoid water vaporization and tissue carbonization, which leads to decrease the electrical conductivity in the remaining tumor tissue.
Moreover, it has been seen from the Figure 8 that, the maximum temperature has been noted near the surface of electrode. This figure shows the temperature distribution at all the points inside and outside the tumour.
Furthermore, it's evident from the figures that, the complete necrosis of tumor occurs when the target temperature is 88 0 C. For attaining tumour periphery, the temperature at least 50 0 C (minimum temperature for ablation) and the target temperature was below 100-105 0 C (to resist carbonization of tissue), the range of voltage is noted from 24-28V, for a tumour of 13mm diameter. Thus, the present study reveals the significance of target temperature on the voltage requirement for Radiofrequency ablation, of lung tumour.
CONCLUSIONS
This study presents, the RF ablation treatment modelling strategies towards the risk free and effective thermal ablation of lung tumor. A simulation study has been performed on 3 dimensional realistic human anatomy model of lung should be applied for 10 minutes, temperature below 88 0 C is insufficient to raise the tumour periphery temperature, 50 0 C is the minimum requirement for the ablation of cancerous tissue. And the maximum target temperature should be below 105 0 C (28V), so as to resist the coagulation of the tissue. So, it is clear from the results that, the minimum and maximum voltage required for the complete ablation of tumor should be between 24-28V. The results from the current study may be useful for the clinical practitioners, by providing them guidelines and could make the RFA more effective and reliable.
